Abstract. The length of tracks with excess tonnage was 14% in the territory of the Russian Federation in 2007, and it reached 20% by 2017. Removal of these restrictions is possible due to modernization of the upper railway track structure (URTS) with increasing its durability and lowering of the life cycle cost (LCC). The purpose of the study is building the LCC estimation model. This model includes the structure of the URTS, the categories and elements of the costs for its maintenance, identification (estimation) of costs, algorithms for their calculation. The average annual LCC of 1 km of the URTS includes the cost of reconstruction, maintenance, intermediate repairs, elimination of consequences of road failures and disposal in the form of the return value of old URS elements. The developed methodology was tested on the actual data of one of the sections of the West Siberian Infrastructure Directorate. The analysis of the obtained data made it possible to conclude that the adopted model of calculating the LCC of URTS adequately displays the categories and elements of the costs for maintenance of the railway track, their specific share in the LCC.
Introduction
Efficiency of a railway track as a railway transport infrastructure facility is determined by the level of reliability (failure-free operation, durability) and the cost of ownership (operation). Existing safety requirements affect the life cycle cost, as they determine the capacity and the type of the structure, norms and tolerances of railway track parameters in designing of maintenance [1] . In this regard, the subject of the study is a methodological tool for estimating the efficiency of design solutions for selection of the railway track design, its maintenance and life cycle duration.
The focus of this article is justification of the life cycle cost model of the upper railway structure, including the following: determining the facility structure (decomposition of the railway structure), selecting the category and cost elements for its modernization and maintenance, as well as presentation of costs.
The management system for the railway transport infrastructure technical condition is based on a concept that includes a set of risk management, resource management, reliability analysis (RRMRA) methods, estimation of the remaining resource (service life) of infrastructure facilities in operation and maintenance [2, 3] . In particular, this is due to the MATEC Web of Conferences 216, 01008 (2018) https://doi.org/10.1051/matecconf/201821601008 Polytransport Systems-2018 requirements of the RAMS safety ensuring system and a number of European and Russian standards [4] [5] [6] . Existing traffic safety requirements significantly affect the life cycle cost when designing and maintaining the railway track [1] .
The peculiarity of the research problem of calculating the LCC of railway infrastructure facilities is the complexity of determining the costs for the railway track maintenance. The review of foreign studies [7] performed earlier showed that they did not fully correspond to the conditions of the Russian railways, primarily in the field of maintenance of the URTS. Publications of Russian authors [8, 9] are general approaches to estimation of the LLC of innovative railway track designs and do not contain specific data on the categories and elements of the costs for the LCC and their identification methods.
In this connection, the essence of this study is development of a methodology, building a cost model and an algorithm for calculating the life cycle cost of the upper railway track structure. This represents the research novelty of this paper. In addition, new methods are private methods for determining the cost elements for the current road maintenance, elimination of railway track failures. These methods are developed on the basis of an array of statistical data obtained from the software package of the Russian Railways JSC, i.e., the Unified Corporate Automated Infrastructure Management System (UCAIMS). The empirical dependencies built on this basis take into consideration the specifics of operating conditions, development of tonnage and railway track failures in the track sections under consideration.
Research method
The life cycle cost (LCC) is the total cost of the facility during its entire life cycle. The main purpose of the LCC calculation is to provide input for making cost-effective decisions in the field of investment, renovation and maintenance of the railway infrastructure facility. Since the LCC analysis is presented as assistance for solutions of the reconstruction design, maintenance, etc., its use should be limited to the costs that can be controlled. To do this, it is necessary to identify the factors that affect the URTS operation and their interrelations [10, 11] .
The LCC calculation process includes definition and estimation of the costs associated with development, acquisition (production), ownership and disposal of the facility during its life cycle. The LCC shall be calculated as the sum of its costs [12, 13] :
Cost elements are interrelations between the categories of costs and the facility structure by elements. This approach has the advantage, which manifests itself in the system and the exact method and provides a high level of confidence in the fact that all cost elements have been taken into consideration. In connection with this, let us adopt the following cost model:
Where LCC is the average annual life cycle cost of 1 km of the URTS, thousand rubles; S rec is the reconstructions cost (RC), thousand rubles; S upkeep (i) is the cost of current upkeep per year i, thousand rubles; S р (i) is the cost of intermediate repairs per year i, thousand rubles; S fail (i) is the cost of failures per year i, thousand rubles; S disp (n) is the cost of facility disposal (at the end of the service life), thousand rubles; n is the life cycle duration in years, thousand rubles; η is the function of failures *(reliability indicator); C is the required reliability method.
The sum of initial costs and reduced operating costs (taking into consideration the distance to the
coefficient that is most recent) for the compared options can be represented with the following expression:
where LCC is the life cycle cost of 1 km of the railway track for the entire services life, thousand rubles; d is the discounting rate; i is the year of making costs.
Life cycle cost model. The life cycle of the railway track structure begins with reconstruction (or enhanced overhaul). Then, intermediate repairs are performed: average, continuous replacement of rails with the works in the scope of average repair, lifting repair, scheduled preventive repair. Grinding is also performed with certain frequency and continuous replacement of rails is performed depending on their condition (Fig.1) . At the end of the life cycle, the railway track is recycled with a return value. Then, the second reconstruction (or major overhaul) is performed, which is the beginning of the life cycle of the newly laid track structure. 
Cost elements calculation
The data for the LCC calculates has been taken from the UCAIMS of the West Siberian Infrastructure Directorate for 2017, after which it has been processed in accordance with the method made up.
Railway track reconstruction cost. According to the details of the track service of the West Siberian Infrastructure Directorate for 2017, the cost of reconstruction of the railway track with consideration of the cost of designing per 1 km comprises S rec = 23 to 26 million rubles depending on the track section parameters.
Cost of current track upkeep. It is to be determined by the following formula
where S op (i) is the costs for remuneration of labor, deductions, and special clothes of the workers involved in the current railway track upkeep, thousand rubles; S rm (i) is the costs for replacement of the upper railway track structure materials, thousand rubles; S mech (i) is the costs associated with operation of machines and mechanisms, thousand rubles. Costs S op (i) for remuneration of labor, deductions, and special clothes of the workers involved in the current railway track upkeep shall be determined by the following formula
c o n t i n u o u s r e p l a c e m e n t a n d g r i n d i n g o f r a i l s 
where T is the annual tariff for remuneration of labor of the 3 rd category workers that lay the track, thousand rubles; B is the bonus to the wage, thousand rubles; K r is consideration of the district factor, thousand rubles; DSN is deductions for social needs, thousand rubles; O is overhead costs, thousand rubles; С is the cost of special clothes, thousand rubles.
Calculation of the components of formula (5) shall be performed according to the following algorithm.
Annual tariff for remuneration of labor of the 3 rd category workers that lay the track Tariff = (labor costs) х (hourly tariff rate), thousand rubles. According to the method of calculation of labor costs with the district system of the current track upkeep [12] , the calculation of labor costs for the railway track distance shall be performed assuming 2017 as the beginning of the life cycle of the upper railway track structure after reconstruction. The workload in the following years is planned based on the growth of the missed tonnage by the amount of freight traffic, which determines the accumulated tonnage for the year. Operating conditions and rail track design are permanent and adopted as of 01.01.2017.
To determine the labor cost for the current upkeep of the track, the authors introduce the concept of a reference kilometer [14] .
Reference kilometer for a seamless track: a continuous track, rails of the P-65 type of unlimited length, reinforced concrete sleepers, KB type fasteners, crushed stone ballast; a section of the track equipped with automatic blocking, located at sites and inclines not steeper than 8 ‰, in straight or curved radii of more than 800 m; freight traffic is 26 to 50 million gross tons/km per year; passed tonnage is 201 to 400 million gross tons; trains speeds: 101 to 120 km/h for passenger trains / 81 to 90 km/h for freight trains.
With the help of regression analysis [14] , the equations of dependencies of the labor cost norms of the workers involved in the current upkeep of the seamless path, in persons/year, on load-bearing capacity G, in million gross tons/km per year and tonnage T, million gross tons. 3 4 0,055 2,7·10 2,2·10 ,
The influence of structural peculiarities of the seamless structure on the labor cost norms is taken into consideration by the adjustment factors in accordance with [14] .
Expenses for one-time replacement of materials of 1 km of the upper railway track structure. These costs shall be determined with the method represented in work [15] . Besides, the method contains parameters of the regression dependence of expenditure of materials
where a, b and c are the parameters with the units of measurement in pers./year, pers./(million t·km (gross)/km per year) and pers./million gross tons; G and Т are loadintensity, million t·km (gross)/km per year and passed tonnage, million gross tons. See the total cost of the current upkeep of 1 km of a seamless track per year in Table 1 . Track failures costs. The costs associated with elimination of the upper railway track structure failures S fail (i) include the costs for acceleration and deceleration of trains due to reduction in movement speeds S ss and the costs of the trains idle time during a "window" 
Result of the life cycle cost research
Let us calculate the LCC in accordance with the aforementioned procedure. The calculation is performed in the З -А direction on a double-track section of the Central Siberian Railway, which has a complex layout and profile. The first and the second track differ in load-intensity by three times. As the first track has a high freight intensity and a short service life, two variants of repairs are considered along this track: according to the classical scheme (option 1) and with the continuous replacement of rails and straightening of the track in the scope of works of an average repair in the middle of the life cycle (option 2) to extend the life cycle. The final results of the LCC calculation can be found in Table 2 and in Figure 2 . As a result of the recalculation of the life cycle duration on the basis of tonnage operating units (million gross tons) per years, it was determined that the service life of the 1 track for the option 1 was 6 years; for the option 2 it was 12 years; and the life cycle of the 2 track is 20 years.
According to formula (2) and (3), the average annual cost of the life cycle and its cost for the entire service life is determined taking into consideration discount rate d = 10%. See the example of calculation for the track 1 with the rated resource of 675 million gross tons (option 2). Table 3 . 
